Titanium ossicular chain replacement prostheses: Prognostic factors and preliminary functional results  by Mardassi, A. et al.
European Annals of Otorhinolaryngology, Head and Neck diseases (2011) 128, 53—58
ORIGINAL ARTICLE
Titanium ossicular chain replacement prostheses:
Prognostic factors and preliminary functional results
A. Mardassi a, A. Devezea,∗,b, M. Sanjuana, J. Mancini c, B. Parikha,
A. Elbedeiwya,b, J. Magnana, J.-P. Lavieillea,b
a Service d’ORL et de chirurgie cervicofaciale, hôpital Nord, Assistance publique—Hôpitaux de Marseille,
chemin des Bourelly, 13915 Marseille cedex, France
b UMR T24 INRETS, laboratoire de biomécanique et recherche en otologie, faculté de médecine Nord, université de la
Méditerranée, boulevard Pierre-Dramard, 13916 Marseille cedex 20, France
c Service de santé publique et d’information médicale, hôpital de la Timone, Assistance publique—Hôpitaux de Marseille,
264, rue Saint-Pierre, 13385 Marseille cedex 5, France
Available online 13 January 2011
KEYWORDS
Ossiculoplasty;
Ossicular prosthesis;
Titanium;
TORP;
PORP;
Cholesteatoma
Summary
Objective: To assess the efﬁciency of ossiculoplasty procedures with the Kurz titanium ossicular
prosthesis and evaluate prognostic factors for the functional results.
Methods: Retrospective chart reviews were performed for ossiculoplasty involving Kurz titanium
prostheses between 2006 and 2009 in the ENT Head and Neck Department of the hôpital Nord,
Marseille, France.
Results: The population studied was 70 patients, with 37 procedures using the partial (PORP)
and 33 the total ossicular replacement prosthesis (TORP). Mean follow-up was 9 months. Pre- and
postoperative audiological parameters on four frequency averages (0.5, 1, 2, and 3 kHz) were
compared according to AAO-HNS guidelines. A postoperative air-bone gap (ABG)≤ 20 dB was
obtained in 71.43% of the patients (86.49% for PORP, and 54.55% for TORP). The mean change in
ABG was 12.45 dB in cholesteatomatous otitis versus 13.41 dB in non-cholesteatomatous otitis.
Conclusion: Increasing the length of the ossicular prosthesis, especially TORP, may improve
sults
. Allpostoperative functional re
© 2010 Elsevier Masson SASIntroduction
The ideal middle-ear implant for hearing reconstruction
in middle-ear surgery should have four characteristics: it
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hould be biocompatible, readily available, technically easy
o use, and should have the best possible biomechanical
roperties [1]. Titanium ossicular prostheses have been used
ince 1990 in the treatment of conductive hearing loss
nvolving ossicular chain abnormality, due to their good bio-
ompatibility, ease of use and light weight [2—7]. In certain
ases, their adjustable length enables the surgeon to adapt
ssembly according to operative ﬁndings [7,8]. Several stu-
ies have assessed the impact of anatomo-pathological and
served.
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Quantitative variables were expressed as mean± standard
deviation. After ensuring applicability (sample size of sub-
groups greater than 30 and normal distribution), variables
were compared by Student t-tests or one-way ANOVA for
in three subgroups (primary, second-stage and revisionigure 1 Partial ossicular replacement prosthesis (PORP),
itanium Vario (Kurz Germany).
echnical variables on the functional outcome of this type of
ssiculoplasty [9]. A previous study concluded that increa-
ing the length of the prosthesis, especially in the case of
he total ossicular replacement prosthesis (TORP), might
mprove postoperative functional results [4]. Following this
tudy, we applied a new surgical procedure, with systemic
se of Kurz sizers to calculate the exact length of the pros-
hesis. This paper analyzes the results of titanium ossicular
hain reconstruction, with regard to this new policy, accor-
ing to type of prosthesis (TORP/PORP), causal pathology
cholesteatomatous or non-cholesteatomatous chronic otitis
edia) and preoperative ﬁndings.
aterials and methods
opulation
e conducted a retrospective study in the ENT/Head and
eck Department of Hôpital Nord, Marseille, France, on 70
atients that underwent Vario titanium ossiculoplasty (Kurz,
ermany) over the period 2006 to 2009. Pre- and post-
perative audiometric data were compared using four air
onduction (AC) and bone conduction (BC) frequency ave-
ages (0.5, 1, 2 and 3 kHz) as recommended by American
cademy of Otolaryngology Head and Neck Surgery (AAO-
NS) guidelines [10].
ssiculoplasty
n all patients, PORP (tympanum/malleus-stapes assembly)
Fig. 1) or TORP (tympanum/malleus-footplate assembly)
Fig. 2) Vario prostheses (Kurz, Germany) were used. Accu-
ate sizing of the PORP or TORP prosthesis was determined
sing the disposable plastic Kurz implant sizers (phantoms)
ncluded in the replacement kit (Fig. 3). The prosthesis was
dapted to the peroperative measurement. It was placed
n the stapes head or the footplate, with its plate always
overed by a slice of cartilage (tragal or conchal). The pros-
hesis with the overlying cartilage was placed under the Figure 2 Total ossicular replacement prosthesis (TORP), Tita-
ium Vario (Kurz Germany).
ostero-superior quadrant of the tympanic membrane, even
f malleus handle was available. The tympano-meatal ﬂap
as repositioned and the external canal packed with silas-
ic, gelfoam and pop-oto-wick, which were removed after 2
eeks. Ossiculoplasty was associated to surgery for chronic
titis media (either tympanoplasty alone or with associated
anal wall-up mastoidectomy) in primary tympanoplasty or
lse in a scheduled second stage or revision.
unctional resultsigure 3 Kurz (Germany) sizer for ossicular prosthesis.
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Table 1 Change in air conduction, bone conduction and air-bone gap (ABG).
Air conduction (0.5, 1, 2, and 3 kHz) Bone conduction (0.5, 1, 2, and 3 kHz) Air-bone gap (0.5, 1, 2 and 3 kHz)
Mean SD Range Mean SD Range Mean SD Range
Preoperative (dB) 57.73 17.88 20 to 91.88 27.88 13.37 5.63 to 75 29.86 12.61 7.5 to 58.75
Postoperative (dB) 42.12 18.81 15.63 to 88.75 24.98 13.49 7.5 to 71.88 17.13 11.44 2.5 to 53.13
Change (dB) (postop/preop) 15.62 17.18 −19.38 to 55 2.89 8.71 −16 to 33 12.72 15.19 −33.75 to 43
Table 2 Categorization of changes in air conduction and air-bone gap (ABG).
Air conduction (In dB) Air-bone gap (In dB)
0 to 20 21 to 30 31 to 40 > 40 0 to 10 11 to 20 21 to 30 > 30
Preoperative number (%) 1 (1.43) 3 (4.29) 9 (12.86) 57 (81.43) 1 (1.43) 18 (25.71) 20 (28.58) 31 (44.29)
Postoperative number (%) 7 (10) 16 (22.86) 13 (18.58) 34 (48.57) 24 (34.29) 26 (37.14) 8 (11.43) 12 (17.14)
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ssiculoplasty). Categoric variables were expressed as per-
entages and compared using 2 tests.
After univariate comparison of pre- and postoperative
ir-bone gap (ABG) in the different subgroups, multivariate
NOVA was conducted in order to verify the independence of
he prognostic factors, both found and known. P-values less
han 0.05 were considered statistically signiﬁcant for all the
ilateral tests used. All statistical analyses were performed
sing SPSS 17.0 for Windows.
esults
ata were collected retrospectively for 70 cases of ossiculo-
lasty using the Vario titanium prosthesis (Kurz, Germany):
3 men and 27 women; mean age, 43 years (range 5 to
7 years). Thirty-nine cases (55%) were of left side inter-
ention. Indications were principally for cholesteatomatous
titis media (47 cases, 67%).
None of the patients were managed using a classical
anal wall-down technique. Ossiculoplasty was primary in
8 cases (26%), and performed in a scheduled second-stage
peration in 24 (34%) and during a revision procedure in
8 (40%). Thirty-seven cases involved PORP (53%) and 33
ORP (47%) (due to stapes superstructure erosion). Further,
he incus was absent in 17 cases (24%) and eroded in the
thers. The malleus was intact in 55 cases (78%) and eroded
n 15 (21%), especially in the region of the head (11 of the
5 cases). Average prosthesis length was 2.7± 0.7mm for
ORP (range: 1.75—4.5mm) and 5± 0.9mm for TORP (range:
.5—7mm).
Mean follow-up after surgery was 9.8± 5.9 months (3—36
onths), and was similar between the TORP (9.1± 4.6
onths) and PORP subgroups (10.4± 6.4 months; P = 0.350).
Hearing results at last follow-up are presented in
ables 1 and 2.
The inﬂuence of the type of prosthesis (PORP = 37
atients, TORP = 33 patients) was evaluated. The mean
mprovement in ABG for PORP was 12.15± 11.5 dB (range:
4.38 to 43.13 dB) and 13.14± 18.6 dB for TORP (range:
33.75 to 43.13 dB). There was no signiﬁcant statis-
ical difference (P = 0.790) between these two groups
Table 3). A postoperative ABG≤ 20 dB was obtained in
1.4% of the patients (78.4% for PORP and 63.6% for
ORP; P = 0.173) (Table 4). A similar comparative study
as made according to type of otitis. Mean improvement
n ABG was 12.30± 14.5 dB (range: −18.75 to 38.75 dB)
n cholesteatomatous otitis (47 cases) and 13.41± 17.0 dB
range: −33.75 to 43.13 dB) in non-cholesteatomatous oti-
is. Even in this second comparison, the difference was not
tatistically signiﬁcant (P = 0.784) (Table 5). The inﬂuence of
ther prognostic factors, such as primary/staged/revision
urgery and ossicle status was evaluated. Only the pres-
nce or absence of the malleus was statistically signiﬁcant
P = 0.023) (Table 6).
After multivariate adjustment according to type of
rosthesis and causal pathology, the presence of the
alleus remained the only signiﬁcant prognostic factor
P = 0.021).
Displacement of the prosthesis was diagnosed in four
atients (5.7%) (TORP in all four cases), due to tympanic
ateralization in two cases and too short a prosthesis in two
t
d
t
p
pA. Mardassi et al.
ases. Revision of ossiculoplasty was performed under local
nesthesia, replacing the prosthesis with a longer one.
iscussion
wide range of prosthesis designs and materials has been
sed for ossicular reconstruction in middle-ear surgery, to
ptimize postoperative functional results [2,4,6,11,12]. The
asic parameters of an implant for ossiculoplasty are mate-
ial, structure, size, and weight [5,8,13]. Titanium is a
ight but solid material, providing optimal sound transmis-
ion, and has been shown to be highly biocompatible. It is
on-toxic, non-magnetic, non-erosive and chemically sta-
le, with low speciﬁc density (57% that of stainless steel),
nd is extremely strong [4,6,7,14]. No macrophages or
oreign body reactions were seen in titanium prostheses
emoved during revision surgery and studied by scanning
lectron microscopy, [1,3,14]. Studies of functional outcome
ave highlighted the ease of peroperative manipulation,
tructural stability or a hypothetical advantage in impro-
ing speech frequency performance [3,7,11]. In pure tone
udiometry, successful functional results (ABG≤ 20 dB) with
he Kurz titanium prosthesis range from 57% to 76% [2,5]. In
he present study, the success rate was 71.43%.
The factors inﬂuencing the functional outcome of tita-
ium prosthesis have been analyzed in several studies
9,15]. Predictably, better results were reported in the free
f otorrhea, with healthy middle-ear mucosa and residua-
ly conserved ossicles. Conversely, postoperative functional
esults are poorer in case of active otorrhea, polypoid
iddle-ear mucosa, adhesive otitis or cholesteatoma [9].
n the present series, ossiculoplasty was primary (in case of
holesteatoma or not) or else performed in a scheduled se-
ond stage or revision. There was no signiﬁcant difference in
unctional result between the two attitudes (P < 0.214) and
e therefore consider that titanium implants can be used
ven for one-stage cholesteatoma surgery.
In the literature, when cartilage is placed between the
rosthesis head and the tympanic membrane, extrusion
ates decrease to less than 2% [3,8]. In the present study, all
atients had cartilage interposition. There were no cases
f implant extrusion, but displacement was observed in
.71% of cases. On revision surgery in these cases, implant
isplacement was thought to be due to tympanic latera-
ization in two cases and to use of too short a prosthesis
n two cases. Prosthesis or underlying cartilage displace-
ent due to too short a prosthesis was implicated as a prime
ause of functional failure in various studies, in agreement
ith the present ﬁndings [4,14]. In the study by Schmer-
er et al., insufﬁcient length of the prosthesis, especially
ORP, explained poorer functional results and secondary dis-
lacement [4]. One recommendation was to increase the
ength of both TORP and PORP considerably. This was done
n the present series, with a target of 5.00mm for TORPs
mean length, 5.00± 0.9mm). Although our population was
ot statistically comparable to Schmerber’s, we consider
hat lengthening the TORP reduced the risk of secondary
isplacement (10.8% for Schmerber et al., versus 5.7% in
he present series). In Schmerber’s series [4], effective
rosthesis length was measured using sterilizable titanium
hantoms, which were not systematically available due to
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Table 3 Changes in air-bone gap according to type of prosthesis (ABG).
Air-bone gap for PORP [37] (0.5, 1, 2 and 3 kHz) Air-bone gap for TORP [33] (0.5, 1, 2 and 3 kHz)
Mean SD Range Mean SD Range
Preoperative (dB) 27.20 13.23 7.5 to 58.75 32.84 11.33 16.25 to 58.13
Postoperative (dB) 15.05 9.61 5 to 43.13 19.47 12.95 −2.5 to 53.13
Change (dB) 12.15 11.47 −4.38 to 43.13 13.37 18.67 −33.75 to 43.13
P value (*) 0.790
*P calculated with Student test ‘‘t’’.
Table 4 Auditory results according to type of prosthesis: postoperative air-bone gap (ABG).
Postoperative air-bone gap (dB)
0 to 10 11 to 20 21 to 30 > 30
PORP [37] 13 (35.1%) 16 (43.2%) 5 (13.5%) 3 (8.1%)
TORP [33] 12 (36.4%) 9 (27.3%) 5 (15.2%) 7 (21.2%)
Table 5 Changes in air-bone gap according to type of otitis media.
Air-bone gap for CH [47] (0.5, 1, 2 and 3 kHz) Air-bone gap for non-CH [23] (0.5, 1, 2 and 3 kHz)
Mean SD Range Mean SD Range
Preoperative (dB) 29.41 11.92 13.75 to 58.75 30.97 14.46 7.5 to 56.88
Postoperative (dB) 16.96 11.03 −2.5 to 47.5 17.56 12.7 5 to 53.13
Change (dB) 12.45 14.55 −18.75 to 38.75 13.41 17.05 −33.75 to 43.13
P value (*) 0.784
CH: cholesteatomatous otitis media; non-CH: non-cholesteatomatous o
*P calculated with Student t-test.
sterilization issues and loss of these very small objects. The
advantage of the synthetic phantoms supplied with the Kurz
Vario is the systematic availability of prostheses of several
lengths. We thus consider that systematic use of phantoms
that are immediately available peroperatively to assess ideal
ossiculoplasty length considerably reduces the risk of under-
estimating prosthesis length.
Cartilage interposition between the prosthesis and the
tympanic membrane is able to reduce but not eliminate
extrusion in alloplastic materials [8,12,16]. The size of car-
tilage cover is one of the few variables that the surgeon has
control over during the ossiculoplasty [16]. Increasing car-
tilage size does not improve the acoustic results, and can
even make them worse at low frequencies. Smaller cartilage
Table 6 Summary of prognostic factors in ABG change.
P
Type of otitis:
cholesteatoma/non-cholesteatoma
0.784
Type of prosthesis: TORP/PORP 0.790
Type of surgery: primary/second
stage/revision procedures
0.214
Malleus: intact/eroded 0.024
Incus: intact/eroded 0.184
Stapes: intact/eroded 0.790
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ieces seem to have a better acoustic result [16]. Experi-
ental studies suggested that a thickness between 0.3 to
.5mm is optimal, as vibration values are then similar to
hose of a natural tympanic membrane [17].
In the present study, there was no effect of presence
r absence of cholesteatoma on the postoperative func-
ional result, although it was a factor of poor prognosis
or other authors. Factors implicated in failure of ossicu-
ar reconstruction comprise recurrent or residual disease,
oor middle-ear aeration, prosthesis slippage, or inadequate
rosthesis length [8]. With a mean follow-up of 9.8± 5.9
onths, the present results are preliminary, which can
xplain the similarity in functional results between the two
roups (cholesteatomatous vs. non-cholesteatomatous oti-
is media). In fact, residual or recurrent cholesteatoma is
ore than likely to induce secondary aggravation. Even so,
ystematic assessment of optimal prosthesis length would
oubtless tend to improve the results of ossicular recon-
truction in cholesteatomatous otitis media, despite often
nfavorable anatomic conditions.
We also studied the effect of the absence of malleus
r stapes on the audiometric result. Persistence of intact
alleus was a signiﬁcant factor for better results (P = 0.025),
ven though, in the present series, the prosthesis was not
laced in direct contact with the malleus handle since the
op was positioned under the cartilage interposition. We
hink that an intact malleus handle conserves the natural
ever arm ratio and thus an effective catenary lever of the
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rum, which positively affects the result. The same conclu-
ion was drawn by Bance et al. [18]. We think that the
alleus continues to play its role of concentrating energy
19] and stabilizing the new tympanic membrane, which
mproves malleus-cartilage couple transmission at the head
f the prosthesis thanks to the absence of lateralization and
he improved middle-ear aeration due to the maintenance
f the new drum in optimal position.
We found no signiﬁcant difference regarding the presence
r absence of the stapes (P = 0.54), nor regarding the use of
ORP versus PORP (P = 0.54). This is a particularly interesting
oint, suggesting that the enhancement of the length of the
rosthesis and the accurate sizing using the Kurz implant
izers improved the functional results in PORP and TORP.
Begall and Zimmermann reported better results for TORP
rostheses [20], whereas Krueger et al. obtained better
esults with PORP [21]. Stupp et al. reported no signiﬁ-
ant difference in postoperative ABG closure between the
ORP and TORP prostheses [22]. A good short-term func-
ional result (ABG≤ 20 dB) may thus be achieved in more
han 60% of cases whichever type of prosthesis is used, with
educed risk of failure due to secondary displacement of the
rosthesis.
onclusion
urz titanium middle-ear implants are well suited for
ssiculoplasty. They are easy to handle and give excellent
unctional results. The present retrospective series of 70
ases showed that the Kurz titanium prosthesis gave good
unctional results in the short-term. Comparing pre- and
ostoperative audiometric data found no signiﬁcant diffe-
ence according to type of prosthesis (PORP or TORP) or of
ausal otitis. Functional results with TORP were improved in
he present series by lengthening the prosthesis in the light
f a previous study carried out in 2006. The systematic use
f Kurz disposable sizers is also the best means of preven-
ing secondary displacement due to inadequate length and
f improving long-term functional results.
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